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(54) Industrial vehicle 

(57) A control apparatus for an industrial vehicle is 
disclosed. The vehicle has a rear axle that is swingable 
upon a straight travel of the vehicle and fixed upon a 
turning of the vehicle. A damper locks or unlocks the 
rear axle. A controller has a memory that stores a first 
value and a second value of an angular velocity rate that 
represents an angular velocity per a unit time. The con- 
troller activates or deactivates the damper. The control- 
ler activates the damper to lock the rear axle when the 
angular velocity rate is greater than the first value. The 
controller deactivates the damper to unlock the rear 
axle when the angular velocity rate is kept smaller than 
the second value for a predetermined time period after 
the angular velocity rate has become smaller than the 
second value. 
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Description 

The present invention relates to axle supporting 
apparatus for industrial vehicles, and more particularly, 
to an apparatus lor locking swingable axles of industrial s 
vehicles. 

A typical forklift truck has a rear axle that is sup- 
ported by a body frame. The rear axle is swung with 
respect to the body frame by lateral acceleration, or 
centrifugal force, that is produced when the traveling 10 
forklift truck changes directions. This degrades the 
traveling stability of the forklift truck. Thus, the traveling 
speed of the forklift truck must he decreased when 
changing directions. 

Japanese Unexamined Patent Publication No. 58- is 
2 11 903 describes a forklift truck that locks the swinging 
of an axle when the truck turns. The forklift truck has a 
detecting means that detects centrifugal force when the 
truck is turned. When the centrifugal force becomes 
greater than a predetermined level, the swinging of the 20 
axle with respect to the body frame is restricted. In other 
words, the axle is locked. This enables stable turning of 
the forWift truck without having to slow down the vehicle.' 
However, when the forklift truck successively changes 
direction within a short period of time, for example. 25 
when the vehicle turns right and then turns left immedi- 
ately afterward, the centrifugal force, for an instantant, is 
less than the predetermined level. This releases the 
locking of the axle regardless of the vehicle changing 
directions. As a result, the forklift truck becomes unsta- 30 
ble when successively turned in different directions. 

Japanese Unexamined Patent Publication No. 58- 
21 4406 describes a forklift truck that locks its axle when 
the rotated angle of a steering wheel and the speed of 
the vehicle become greater than predetermined values. 35 
However, when the vehicle is successively turned in dif- 
ferent directions, for an instant, the rotated angle of the 
steering wheel becomes smaller than the predeter- 
mined angle. Thus, in the same manner as the forklift 
truck of Publication No. 58-211903, this releases the 40 
locking of the axle and causes instability. 

Among the four wheels (two front wheels and two 
rear wheels) of a forWift truck, one of the wheels may be 
. lifted from the ground depending on the weight of the 
object held by the forks when the axles are locked dur- 4S 
ing turning. For example, when a heavy object Is held on 
the forks, the center of gravity of the vehicle Is displaced 
toward the front of the forklift truck. This may lift one of 
the rear wheels from the ground if one of the axles are 
locked. If the axles are locked when a relatively light so 
object is held on the forks, the balance weight provided 
at the rear of the vehicle may cause one or the front 
wheels to raise from the ground. 

Typically, torque is transmitted to the front wheels to 
drive forWift trucks. The steering angle is transmitted to ss 
the roar wheels to steer the vehicle. Accordingly, if the 
rear axle is locked when a relatively light object is held 
on the forks, one of the front wheels, which function as 
the drive wheels, may be lifted away from the ground. 
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This decreases traction between the front wheels and 
the ground. As a result, the driving force of the vehicle 
becomes insufficient. This hinders smooth operation of 
the forklift truck. 

If a heavy object is held on the forks, the center of 
gravity, which is near the front of the vehicle, increases 
the traction force of the front wheels. Accordingly, the 
locking of the axle does not affect the driving force of the 
vehicle. However, when the center of gravity is near the 
front of the vehicle, the vehicle tends to swing in a for- 
ward direction. As a result, the forklift truck becomes 
unstable when lifting and lowering objects and when 
traveling with the heavy object held on the forks. This 
tendency is stronger if the object is held at a high posi- 
tion, which raises the center of gravity. 

Accordingly, it is an objective of the present inven- 
tion to provide an industrial vehicle that Is capable of 
traveling in a stable manner. 

A further objective of the present invention is to pro- 
vide an industrial vehicle that is capable of lifting and 
lowering objects in a stable manner. 

For achieving the above objectives, an improved 
control apparatus for an Industrial vehicle is provided. 
The vehicle includes a rear axle, said rear axle being 
swingable upon a straight travel of the vehicle and fixed 
upon a turning of the vehicle. The apparatus comprises 
holding means for selectively locking and unlocking the 
rear axle, memory means for storing a first value and a 
second value of an angular velocity rate . wherein said 
angular velocity rate represents an angular velocity per 
a unit time, wherein said first value is predetermined to 
indicate turning of the vehicle when the angular velocity 
rate is greater than the first value, and wherein said sec- 
ond value is predetermined to indicate the straight travel 
of the vehicle when the angular velocity rate is smaller 
than the secorxi value and control means for selectively 
activating and deactivating the holding means, said con- 
trol means activates the holding means to lock the rear 
axle when the angular velocity rate is greater than the 
first value, said control means deactivates the holding 
means to unlock the rear axle when the angular velocity 
rate is kept smaller than the second value for a prede- 
termined time period after the angular velocity rate has 
become smaller than the second value. 

The features of the present invention that are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with objects 
and advantages thereof, may best be understood by ref- 
erence to the following description of the presently pre- 
ferred embodiments together with the accompanying 
drawings in which: 

Fig. 1 is a side view showing a forklift truck that is 
provided with a controller according to the present 
invention; 

Rg. 2 is a schematic, partial rear view showing the 
forklift truck together with the rear axle, the shock 
absorber, and the hydraulic circuit: 
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Fig. 3 is a plan view showing the forklift truck; 

Fig. 4 is a diagrammatic drawing showing the front 
wheels, the driving mechanism of the front wheels, 
and sensors; s 

Fig. 5 is a diagrammatic drawing showing the forks 
that are mounted on the outer masts at the front of 
the forklift truck together with sensors; 

70 

Fig. 6 is a diagrammatic drawing showing the rela- 
tionship between the position of the center of grav- 
ity and the traction force of the front and rear 
wheels; 

IS 

Fig. 7 is a block diagram showing the electrical 
structure of the forklift truck; 

Figs. 8(A) and 8(B) are flowcharts showing the 
operation of the controller; 20 

Fig. 9 is a graph showing the tirning of the output of 
the locking signal in relation to changes in the yaw 
rate altering rate; 

25 

Fig. 10 is a graph showing the timing of the output 
of the locking signal in relation to changes in the 
computed centrifugal force; 

Fig. 11 is a graph showing changes of the yaw rate 3o 
altering rate, the yaw rate, the steering angle, the 
actual centrifugal force, and the computed cerrtrifu- 
gal force with respect to time when the forklift truck 
turns from a state in which it is traveling straight; 

35 

Fig. 1 2 is a graph showing changes of the yaw rate 
altering rate, the yarn rate, the steering angle, the 
actual centrifugal force, and the computed centrifu- 
gal force with respect to time when the forklift truck 
changes directions in a successive manner; 40 

Fig. 13 is a flowchart showing the operation of the 
controller according to a second embodiment of the 
present invention; 

45 

Fig. 14 is a cross-sectional drawing showing the 
structure of an electromagnetic switching valve 
according to a third embodiment of the present 
invention; 

50 

Fig. 15 is a timing chart showing changes in the 
opening of the electromagnetic switching valve with 
respect to time; 

Fig. 16 is a schematic, partial rear view showing a 55 
hydraulic system that employs a switching valve 
provided with restricting passages that have differ- 
ent diameters; 
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Fig. 17 is a timing chart showing the operation of 
the switching valve shown in Fig. 16; 

Rg. 18 is a schematic, partial rear view showing the 
forklift truck according to a further emtx>diment of 
the present invention; 

Fig. 19 is a diagrammatic explanatory view showing 
the centrifugal force when the forklift truck of Fig. 1 8 
changes directions; and 

Rg. 20 is a timing chart showing changes with 
respect to time of the centrifugal force illustrated in 
Rg. 19, 

An industrial vehicle, or forklift truck 1 having a body 
frame la is shown in Fig. 1. A pair of left and right outer 
masts 2 are mounted on the front of the forklift truck 1 . 
A pair of Inner masts 3 are provided between the outer 
masts 2. A fork 4 is mounted on each inner mast 2. The 
fork 4 is lifted and lowered with respect to the associ- 
ated inner mast 2. A tilting cylinder 5 having a body 5a 
and a cylinder rod 5b is provided for each outer mast 2. 
The body 5a is coupled to tiie body frame la while the 
cylinder rod 5b is coupled to the associated outer mast 
2. The outer masts 2 and the forks 4 are tilted by the tilt- 
ing cylinders 5. A lifting cylinder 6 having a body 6 and 
a rod 6b is provided for each inner mast 2. The body 6a 
is coupled to the body frame 1 a while the cylinder rod 6b 
is coupled to the associated inner mast 2, The inner 
nnasts 3 are lifted and lowered by the lifting cylinders 6. 
on which the forks 4 are mounted. 

A pair of front wheels 7 are mounted at the front 
portion of the frame la. As shown in Fig. 4, the front 
wheels 7 are connected to an engine E by means of a 
differential gear U and a transmission D. Hence, each 
front wheel 7 is driven by the engine E. 

A pair of rear wheels 8 are mounted at the rear por- 
tion of the frame 1 . A structure for connecting the rear 
wheels 8 is shown in Fig. 2. A rear axle 1 1 is provided at 
the lower rear portion of the frame la extending 
between the left and right sides of the frame la. The 
rear axle 1 1 is pivotal about a center pin 11a. The rear 
wheels 8 are mounted on the ends of the rear axle 11. 
The direction of the rear wheels 8 is changed by turning 
a steering wheel 10, which is installed in a driver's com- 
partment 9. 

A damper, or shock absorber 12 is connected 
between the body frame 1a and the rear axle 11. The 
shock absorber 12 is a double action hydraulic cylinder 
and absorbs the force that is applied to the rear wheels 
8. The shock absorber 12 includes a cylindrical body 
12a, a piston 12b accommodated in the body 12a, and 
a piston rod 12c connected to the piston 12b. The distal 
end of the piston rod 12c is connected to the rear axle 
11. 

A first compartment R1 and a secorxj compartment 
R2 are defined in the shock absorber 1 2 by the piston 
12b. A first oil passage P1 is connected to the first 
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chamber R1 while a second oil passage P2 is con* 
nected to the second chamber R2. The first and second 
oil passages P1. P2 are connected to an eiectronreg- 
netic switching valve 13. The switching valve 13 
includes a body and a spool. The spool has a connect- 5 
ing portion 14 and a disconnecting portion 15. A third oil 
passage P3 and a fourth oil passage P4 are connected 
to the switching valve 13. The third oil passage P3 is 
connected with the fourth oil passage P4. The fourth oil 
passage P4 is connected to an accumulator 1 6 in which w 
hydraulic oil is reserved. A throttle valve 17 is provided 
in the second oil passage P2. 

In the stitching valve 13, the spool moves with 
respect to the body and selectively connects the con- 
necting portion 1 4 and the disconnecting portion 1 5 with is 
the oil passages PI to P4. When the connecting portion 
14 is connected to the oil passages PI to P4, the first oil 
passage P1 is communicated with the third oil passage 
P3 and the second oil passage P2 is communicated 
with the fourth oil passage P4. In this state, the first and 20 
second chambers R1, R2 are communicated with the 
accumulator 16. This permits hydraulic oil to flow in and 
out of the first and second chambers R1 , R2. Thus, the 
shock absorber 12 enables pivoting of the rear axle 11. 
When the disconnecting portion 15 is connected with 2S 
the oil passages PI to P4, the oil passages PI to P4 are 
disconnected from one another. In this state, the piston 
12b of the shock absorber 1 2 is locked. Thus, the shock 
absorber 12 prohibits pivoting of the rear axle 11. 

As shown in Fig. 1 . a balance weight 1 9 is mounted 30 
on the rear of the forkiift truck 1 . A piezo- electric sensor, 
or gyroscope 20. is arranged on the balance weight 19 
The gyroscope 20 detects the angular velocity, or yaw 
rate ® of the forkiift truck 1 when changing directions. As 
shown in Figs. 1 and 3, an acceleration sensor 21 is 35 
arranged on an instrument panel W provided in the 
driver's compartment 9. The acceleration sensor 21 is 
located midway between the front wheels 7. Actual lat- 
eral acceleration, or actual centrifugal force Fa, that is 
produced when the forkiift truck 1 changes directions is 40 
detected by the acceleration sensor 21 . 

As shown in Figs. 1 and 5, a limit switch 24 is 
arranged at the upper portion of the outer mast 2 to 
detect the vertical position of the associated fork 4. The 
limit switch 24 is located at a position that is lower than 45 
the top end of the outer mast 2 by one fourth the length 
of the mast 2. A pressure sensor 25 is provided at the 
bottom end of the lifting cylinder 6 to detect the hydrau- 
lic pressure of the hydraulic oil that acts on the lifting cyl- 
inder 6. 50 

As shown in Fig. 2. a steering angle sensor 22 is 
arranged on one of the rear wheels 8 to detect the steer- 
ing angle 6 of the rear wheels 8. As shown in Fig. 4, a 
vehicle speed sensor 23 is provided in the forkiift truck 1 
to detect the rotating speed of the differential gear U, or ss 
the traveling speed v of the forkiift truck 1 . 

The electrical structure of a controller 31 employed 
in the above Industrial vehicle will now he described with 
reference to an electric block diagram illustrated in Fig. 
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The controller 31 has a memory 31a and a timer 
31b that are included in a central processing unit (CPU), 
a read only memory (ROM), and other parts. The con- 
troller 31 also has an input terminal and an output termi- 
nal. The gyroscope 20, the acceleration sensor 21, the 
steering angle sensor 22, the vehicle speed sensor 23. 
the limit switch 24. and the pressure sensor 25 are con- 
nected to the input terminal. The electromagnetic 
switching valve 13 is connected to the output terminal of 
the controller 31. 

When the forkiift truck 1 changes direction, the 
gyroscope 20 sends an angular velocity signal, which 
corresponds to the detected yaw rate ca, to the controller 
31. When the forkiift truck 1 changes direction, the 
acceleration sensor 21 sends an actual centrifugal force 
signal, which corresponds to the detected actual centrif- 
ugal force Fa, to the controller 31. The steering angle 
sensor 22 sends a steering angle signal, which corre- 
sponds to the detected steering angle 6 of the rear 
wheels 8. to the controller 31 . The vehicle speed sensor 
23 sends a speed signal, which corresponds to the 
detected speed v of the forkiift truck 1, to the controller 
31. 

The limit switch 24 sends an activated signal to the 
controller 31 when actuated as the associated fork 4 is 
lifted above a reference height Zref. The reference 
height Zref is located at a position that is lower than the 
top end of the outer mast 2 by approximately one fourth 
the length of the outer mast 2. The pressure sensor 25 
sends a hydraulic pressure signal, which corresponds 
to the detected hydraulic pressure y applied to the lifting 
cylinder 6, to the controller 31 . 

Based on the angular velocity signal sent from the 
gyroscope 20, the controller 31 computes the angular 
velocity altering rate, or the yaw rate altering rate Aco/AT 
The altering rate AcoMT corresponds to the angular 
acceleration. The controller 31 obtains the altering rate 
Aoo/AT by differentiating the yaw rate co with respect to 
time. 

The controller 31 determines lateral acceleration 
based on centrifugal force. The controller 31 computes 
centrifugal force based on the traveling speed signal 
from the vehicle speed sensor 23 and the angular veloc- 
ity signal from the gyroscope 20. The conrputed centrif- 
ugal force Fb differs from the actual centrifugal force 
detected by the acceleration sensor 21. Thus, there is a 
slight difference between the values of the actual cen- 
trifugal force Fa and the computed centrifugal force Fb. 
The computed centrifugal force Fb is obtained by multi- 
plying the traveling speed v with the angular velocity co, 
as represented by the following equation (1): 

FbsrVXffl (1) 

Reference values of the yaw rate altering rate 
Aco/AT are stored in the memory 31a of the controller 
31. The reference rate values include a maximum refer- 
ence value Kmax. which is referred to when the rate 
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Aod/AT increases, and a nrunimum relerence value Kmin, 
which is referred to when the rate Aco/AT decreases. 
The controller 31 starts the output of a locking signal 
when the value of the computed altering rate AoVAT 
changes from a value equal to or smaller than the max- 
imum reference value Kmax to a value greater than the 
maximum reference value Kmax. When the locking sig- 
nal is being output, the controller 31 compares the alter- 
ing rate Aco/AT with the minimum reference value Kmin. 
If the value of the altering rate Aco/AT changes from a 
value equal to or greater than the minimum reference 
value Kmin to a value smaller than the minimum refer- 
ence value Kmin, the controller 31 stops the output of 
the locking signal. 

The controller 31 waits for a predetermined time 
length T to elapse before stopping the output of the lock- 
ing signal. More specifically, a timer 31b starts measur- 
ing time when the value of the altering rate Ato/AT 
changes from a value equal to or greater than the mini- 
mum reference value Kmin to a value smaller than the 
minimum reference value Kmin. When the measured 
time reaches the time length T, the controller 31 stops 
the output of the locking signal. The timer 31b is control- 
led by the controller 31 so as to stop measuring time 
when the value of the altering rate Ao/AT becomes 
equal to or greater than the minimum reference value 
Kmin. 

Reference values of the centrifugal force acting on 
the forklift truck 1 are stored in the memory 31a of the 
controller 31. The reference values include a centrifugal 
force maximum reference value Hmax. which is referred 
to when the centrifugal force increases, and a centrifu- 
gal force minimum reference value Hmin. which is 
referred to when the centrifugal force decreases. The 
controller 31 starts outputting a locking signal when the 
absolute value of the computed centrifugal force Fb 
changes from a value equal to or smaller than the max- 
imum reference value Hmax to a value greater than the 
maximum reference value Hmax. During the output of 
the locking signal, the controller 31 stops the locking 
signal if the absolute value of the computed centrifugal 
force Fb becomes smaller than the minimum reference 
value Hmin. 

The controller 31 determines the weight of the load 
on the forks 4 based on the signal from the pressure 
sensor 25. The controller 31 further computes and 
locates the center of gravity G (Fig. 6) of the forklift truck 
1 based on the weight of the load. The center of gravity 
G corresponds to the center of gravity of the combined 
mass of the vehicle and the load. In this case, the con- 
troller computes the center of gravity G under the 
assumption that the inclination of the outer masts 1 is 
maximum as shown in the dotted lines of Rg. 5. A refer- 
ence pressure value Nref of the hydraulic pressure y 
applied to the lifting cylinder 6 is stored in the memory 
31a of the controller 31. 

The controller 31 computes the hydraulic pressure 
y applied to the lifting cylinder 6 based on the detecting 
signal from the pressure sensor 25 when receiving an 



activated signal from the limit switch 24. If the hydraulic 
pressure y is equal to or greater than the reference 
pressure value Nref. the controller 31 sends a locking 
signal to the electromagnetic switching valve 13. 
5 More specifically, the controller 31 sends a locking 

signal to the switching valve 13 when any one of the fol- 
lowing six conditions is satisfied: 

(a) The yaw rate altering rate Aco/AT Is greater than 
10 the maximum reference value Kmax. 

(b) The yaw rate altering rate Aco/AT becomes less 
than the maximum reference value Kmax from a 
value greater than the maximum reference value 

15 Kmax but is greater than the minimum reference 
value Kmin. 

(c) The yaw rate altering rate Aco/AT is less than the 
minimum reference value Kmin within the predeter- 

20 mined time length T, which is measured from when 
the altering rate Aco/AT falls below the minimum ref- 
erence value Kmin from the state where condition 
(b) is satisfied. 

25 (d) The absolute value of the computed centrifugal 
force Fb is greater than the maximum reference 

value Hmax. 

(e) The absolute value of the computed centrifugal 
30 force Fb becomes equal to or less than the maxi- 
mum reference value Hmax from a value greater 
than the maximum reference value Hn^ax but is 
greater than the minimum reference value Hmin. 

35 (f) The activated signal is sent from the limit switch 
24 and the hydraulic pressure y applied to the lifting 
cylinder 6 is equal to or greater than the reference 
pressure value N. 

40 The electronrragnetic switching valve 13 has a sole- 
noid that is excited by the locking signal. This causes 
the disconnecting portion 15 of the switching valve 13 to 
be selectively connected with the oil passages PI to P4. 
As a result, the switching valve 13 closes the first and 

45 second oil passages PI . P2 and locks the rear axle 1 1 
with the shock absorber 12. When not receiving the 
locking signal, the solenoid is de-excited. This causes 
the connecting portion 14 to be selectively connected to 
the oil passages PI to P4. As a result, the switching 

so valve 13 permits hydraulic oil to flow in and out of the 
first and second chambers R1, R2. In such state, the 
body frame 1 a is swingable with respect to the rear axle 
11. 

The controller 31 locks the rear axle 1 1 with the 
55 switching valve 13 in accordance with the flowchart 

illustrated in Figs. 8(A) and 8(B). It Is presumed here 
that the locking signal is not being output from the con- 
troller 31 and that the rear axle 1 1 is swingable when the 
controller 31 enters the control processing of Fig. 8(A). 
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In the flowcharts, the character "S" stands for 
"step." At step 101. the controller 31 reads the traveling 
speed V of the forktift truck 1 based on the traveling 
speed signal sent from the vehicle speed sensor 23. At 
step 102, the controller 31 reads the yaw rate to based 
on the angular velocity signal sent from the gyroscope 
20. At step 103, the controller 31 obtains the computed 
centrifugal force Fb by applying the traveling speed v 
and the yaw rate co to the equation (1). 

At step 104, the controller 31 computes the yaw 
rate altering rate Aco/AT based on the yaw rate gx The 
controller 31 has a tow pass filter function, which is used 
in step 105 to eliminate high frequency noise from the 
altering rate Aco/AT 

At step 106. the controller 31 determines whether 
the absolute value of the computed centrifugal force Fb 
(|Fb|) is greater than the maximum reference value 
Hmax. If it is determined that the altering rate Aco/AT is 
greater than the maximum reference value Hmax, the 
controller 31 proceeds to step 107 and continuously 
outputs a locking signal to the electromagnetic switch- 
ing valve 13 and maintains the solenoid thereof in an 
excited state. This enploys the disconnecting portion 
15 of the switching valve 13 and causes the shock 
absorber 12 to hold the rear axle 11 in a locked state. 
Thus,, the rear axle 11 is held in a manner such that 
swinging is restricted. The controller 31 then returns to 
step 101 and repeats the execution of the above steps. 

When it is determined that the absolute value |Fb| is 
equal to or snnaller than the maximum reference value 
Hmax, the controller 31 proceeds to step 108. At step 
108, the controller 31 determines whether the absolute 
value |Fb| is smaller than the minimum reference value 
Hmin. If. in step 108. it is determined that the absolute 
value |Fb| is smaller than the minimum reference value 
Hmin, the controller 31 proceeds to step 109 and stops 
the output of the locking signal. The controller 31 than 
proceeds to step 110. If, in step 108. it is determined 
that the absolute value |Fb| is equal to or greater than 
the minimum reference value Hmin. the controller 31 
proceeds to step 1 10 without outputting the locking sig- 
nal. 

At step 110, the controller 31 determines whether 
the yaw rate altering rate Aco/AT is greater than the max- 
imum reference value Kmax. When it is determined that 
the altering rate Aco/AT is greater than the maximum ref- 
erence value Kmax, the controller 31 proceeds to step 
1 1 1 and outputs the locking signal to the switching valve 
13. This fixes the shock absorber 12 and holds the rear 
axle 11 in a locked state. The controller 31 then returns 
to step 101 and repeats the execution of the above 
steps. If it is determined that the altering rate Aco/AT is 
equal to or less than the maximum reference value 
Kmax in step 110, the controller 31 proceeds to step 
112. 

At step 112. the controller determines whether the 
altering rate Aq>/aT is smaller than the minimum refer- 
ence value Kmin. When it is determined that the altering 
rate Aco/AT is smaller than the minimum reference value 



Kmin, the controller 31 proceeds to step 113 and deter- 
mines whether the time measured by the timer 31b has 
reached the predetermined time length T. When it is 
determined that the time length T has not yet elapsed. 

5 the controller 31 returns to step 101 and repeats the 
above steps. If it is determined that the time length T 
has elapsed, the controller 31 proceeds to step 1 14 and 
stops the output of the looking signal. Aftenvards, the 
controller 31 returns to step 101 . 

w The controller 31 then proceeds to step 112 and 
determines whether the value of the hydraulic pressure 
y which is obtained based on the signal from the pres- 
sure senior 25, is equal to or greater than the reference 
pressure value Nref. When it is determined that the 

IS hydraulic pressure y is equal to or greater than the ref- 
erence value Nref. the controller 31 proceeds to step 
116 and determines whether the activated signal is 
being output from the limit switch 24. If it is determined 
that the activated signal is being output from the limit 

20 switch 24, the controller 31 proceeds to step 118 and 
continues to output the locking signal. 

if it is determined that the value of the hydraulic 
pressure y is smaller than the reference value Nref in 
step 115. the controller 31 proceeds to step 117 and 

25 stops outputting the locking signal. The controller 31 
also proceeds to step 1 1 7 and stops outputting the lock- 
ing signal if it is determined that the activated signal is 
not being output from the limit switch 24 in step 116. 
The processing performed by the controller 31 

30 when the forklift truck 1 is turned to the right from a state 
in which it is traveling straight will now be described with 
reference to Fig. 1 1 . When the forklift truck 1 turns right, 
the value of the steering angle e becomes positive and 
when turning left, the value of the steering angle 6 

35 becomes negative. In the same manner, the values of 
the yew rate co, the actual centrifugal force Fa. and the 
computed centrifugal force Fb become negative when 
the forklift truck 1 turns left, and positive when the truck 
1 turns right. 

40 When the operator of the forklift truck 1 steers the 
steering wheel 10 and turns the fbrWift truck 10 to the 
right, the value of the steering angle G increases. As the 
value of the steering angle 6 increases, the values of the 
yaw rate co. the computed centrifugal force Fb. the 

45 actual centrifugal force Fa, and the yew rate altering rate 
Aco/AT are each increased accordingly. The altering rate 
Aco/AT is the first to iricrease among these values and 
becomes greater than the nnaximum reference value 
Kmax. The controller 31 locks the rear axle 1 1 when the 

50 altering rate Aco/AT becomes greater than the maximum 
reference value Kmax. At this point, the value of the 
computed centrifugal force Fb is smaller than the maxi- 
mum reference value Hmax. Accordingly, when the 
turning of the forklift truck 1 begins, the rear axle 1 1 is 

55 locked by the altering rate Aco/AT before being locked by 
the computed centrifugal force Fb. 

As the value of the steering angle 6 further 
increases, the values of the yaw rate oo. the computed 
centrifugal force Fb. and the actual centrifugal force Fa 
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are each increased accordingly. This causes the abso- 
lute value of the computed centrifugal force |Fb| to 
become greater than the maximum reference value 
Hmax. At this point, the altering rate Aco/AT is greater 
than the maximum reference value Kmax and the rear 
axle 1 1 is held in a locked state. 

When the operator continues to turn the forklift 
truck 1 by holding the steering wheel 10 at the same 
predetermined angle, resulting in continuation of the 
same steering angle 0, the yaw rate oj. the •computed 
centrifugal force Fb, and the actual centrifugal force Fa 
are maintained at constant values. When the value of 
the steering angle 6 becomes constant, the value of the 
altering rate Aco/AT starts decreasing and becomes 
smaller than the minimum reference value Kmin. At this 
point, the computed centrifugal force Fb is greater than 
the maximum reference value Hmax. Thus, the control- 
ler 31 outputs the locking signal since the computed 
centrifugal force Fb is greater than the maximum refer- 
ence value Hmax. Accordingly, the rear axle 1 1 remains 
in a locked state. 

The above processing is executed in the same 
manner when the forklift truck 1 is steered to the left 
from a state in which it is traveling straight. Thus, when 
the forklift truck 1 is driven in a straight direction and 
then steered either to the right or to the left, the altering 
rate Aco/AT first becomes greater than the maximum ref- 
erence value Kmax and locks the rear axle 11. The 
altering rate Aco/AT then becomes smaller than the min- 
imum reference value Kmin. However, since the abso- 
lute value of the centrifugal force |Fb| is greater than the 
maximum reference value Hmax, the rear axle 11 
remains in a locked state. 

The processing performed by the controller 31 
when the forklift truck 1 is steered to the right and then 
successively steered to the left will now be described 
with reference to Fig. 12. When the forklift truck 1 is 
steered to the right in a manner such that the value of 
the steering angle 6 is constant and rs then steered to 
the left by turning the steering wheel 10 so as to 
decrease the value of the steering angle e. the yaw rate 
CD and the computed centrifugal force Fb start to 
decrease from the predetermined values. When the 
computed centrifugal force Fb corresponds to the pre- 
determined value, the centrifugal force Fb exceeds the 
maximum reference value Hmax. Thus, the controller 
31 outputs the locking signal and locks the rear axle 1 1 . 
The value of the altering rate Aco/AT starts to increase 
as the steering angle e decreases and becomes greater 
than the maximum reference value Knnax. At this point, 
the computed centrifugal force Fb is greater than the 
minimum reference value Hmin. 

A further decrease of the steering angle 6 causes 
the cx>mputed centrifugal force Fb to become smaller 
than the minimum reference value Kmin. However, the 
controller 31 continues to output the locking signal since 
the altering rate Aco/AT is greater than the maximum ref- 
erence value Kmax. 

The altering rate Aco/AT is maximum when the 



steering angle 6 becomes close to zero degrees. The 
forklift truck 1 begins to turn left as the value of the 
steering angle 6 reaches zero degrees and then further 
decreases. The decrease in the value of the steering 

5 angle 6 causes further decrease of the values of the 
yaw rate o and the computed centrifugal force Fb. The 
values of the yaw rate © and the computed centrifugal 
force Fb become negative and continue to further 
decrease. This increases the absolute values of the yaw 

JO rate cd and the computed centrifugal force Fb (|Fb|. |ooI). 
Thus, the absolute value of the computed centrifugal 
force |Fb| becomes greater than the maximum refer- 
ence value Hmax. At this point, the altering rate Ato/AT 
is equal to or greater than the minimum reference value 

15 Kmin. Since the conditions of |Fb|>Hmax and 
Ao]/AT>Kmin are satisfied, the controller 31 continues to 
output the locking signal. Thus, the rear axle 1 1 remains 
locked. 

A further decrease of the steering angle 6 causes 

20 the altering rate AgVAT to become smaller than the min- 
imum reference value Kmin, However, the controller 31 
continues to output the locking signal and keeps the 
rear axle 1 1 In a locked state. The locking, signal Is con- 
tinued prior to the expiration of the predetermined time 

25 length X which Is measured from when the altering rate 
Aco/AT became smaller than the minimum reference 
value Kmin. Also, the locking signal is continued as long 
as the absolute value of the computed centrifugal force 
|Fb| is greater than the maximum reference value 

30 Hmax. When the operator stops turning the steering 
wheel 10 and holds the steering angle e at a predeter- 
mined angle, the values of the yaw rate co and the com- 
puted centrifugal force Fb become constant. 
Furthermore, the value of the altering rate Aq>/AT 

35 becomes zero. 

When the predetermined time length T elapses, the 
conditions related to the altering rate Aco/AT for output- 
ting the locking signal fail to be met. However, the con- 
ditions related to the computed centrifugal force Fb 

40 remain satisfied. Accordingly, the controller 31 contin- 
ues to output the locking signal and keeps the rear axle 
1 1 in a locked state. 

When the forklift truck 1 turns right and then left 
successively, there is a period Y1 during which the con- 

45 ditions for outputting the locking signal related to the 
computed centrifugal force Fb are unsatisfied when the 
steering angle 6 is in the vicinity of zero degrees. How- 
ever, the conditions for outputting the centrifugal force 
Fb related to the altering rate Aco/AT are satisfied. Thus. 

so the rear axle 1 1 is constantly in a locked state when the 
forklift truck 1 turns right and then left successively. 
Holding the steering angle 6 at a predetermined angle 
to steer the forklift truck 1 further to the left ends a 
period Y2. at which the conditions for outputting the 

55 locking signal related to the altering rate Aoa/AT are sat- 
isfied. However, since the conditions for outputting the 
locking signal related to the computed centrifugal force 
Fb are satisfied, the rear axle 1 1 remains in a locked 
state. Accordingly, when the forklift truck 1 turns right 
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and then left successively, the rear axle 1 1 remains in a 
locked state. 

The above processing is carried out in the same 
manner when the forklift truck 1 turns left and then right 
successively. 5 

Fig. 12 shows the roll angle of the forklift truck 1 
when in a rolling state. The roll angle is detected by a 
rolling sensor (not shown) provided on the body frame 
la. 

As described above, in addition to the locking signal w 
based on the altering rate Aco/AT. the controller 31 out- 
puts a locking signal based on the computed centrifugal 
force Fb. Accordingly, during successive turning of the 
forklift truck 1. the locking signal based on the altering 
rate Aco/AT is output even when the locking signal based is 
on the computed centrifugal force Fb is not output when 
the steering angle 6 is close to zero degrees. Thus, 
when the forklift truck 1 turns right and then left succes- 
sively, the rear axle 11 is constantly maintained in a 
locked state. This enables the forklift truck 1 to change 20 
directions in a stable manner. 

The control performed by the controller 31 when the 
forklift truck 1 transports loads will now be described. 

Fig. 6 is an explanatory diagram that shows how a 
center of gravity G of the forklift truck 1 changes in 2S 
accordance with the weight of the load carried on the 
forks 4 of the forklift truck 1 . Diagonal lines have been 
drawn between the left front wheel 7 and the right rear 
wheel 8 and between the right front wheel 7 and the left 
rear wheel 8. The center of gravity, when there is no 30 
load carried on the forks 4. is denoted as G1 and is 
located rearward with respect to the intersecting point X 
of the two diagonal lines. The weight of a load can-ied by 
the forks 4 causes the center of gravity G to move for- 
ward between the center of gravity G1 and the intersect- ss 
ing point X. Thus, the traction force of the rear wheels 8 
increases, and the traction force of the front wheels 7 
decreases. In such state, one of the front wheels 7 may 
be lifted from the ground. Accordingly, the controller 31 
does not output the locking signal. This allows swinging 40 
of the rear axle 1 1 . In this case, swinging of the rear axle 
1 1 decreases the traction force of the rear wheels 8 and 
increases the traction force of the front wheels 7. The 
value of the hydraulic pressure y applied to the lifting 
' cylinder 6 when the load on the forks 4 coincides the 4S 
center of gravity G with the intersecting point X Is set as 
the reference pressure value Nref. 

The center of gravity of the forklift truck 1 . when the 
weight of the load carried by the forks 4 becomes equal 
to the maximum payload of the forklift truck 1, is so 
denoted as G2 and is located in front of the intersecting 
point X. When the center of gravity G of the forklift truck 
1 is located between the center of gravity G2 and the 
intersecting point X, the traction force of the front 
wheels 7 increases. In such state, one of the rear ss 
wheels 8 may be lifted away from the ground. However, 
since the traction force of the front wheels 7, which are 
the drive wheels, is satisfactory, the rear axle 1 1 may be 
locked without interfering with the travel of the forklift 



truck 1 . 

However, lifting the forks 4 to a position above the 
reference height Zref moves the center of gravity G 
upward. This causes the forklift truck 1 to become 
unstable laterally. At this point, the controller 31 outputs 
the locking signal to lock the rear axle 1 1 to enhance the 
stability of the forklift truck 1 . 

A second emtx>diment of the present invention will 
now be described. In this embodiment, the forklift truck 
1 is not equipped with the gyroscope and the accelera- 
tion sensor. An assumed yaw rate (ox is obtained based 
on the steering angle e and the traveling speed v. The 
objective of this embodiment is to provide a structure 
that is capable of obtaining the same advantages of the 
first embodiment while having a decreased number of 
parts and a more cost-efficient structure. 

With reference to the flowchart illustrated in Fig. 13, 
the controller 31 reads the traveling speed v at step 201 
and the steering angle 6 at step 202. At step 203. the 
controller 31 obtains the inverse of a turning radius r 
that is computed based on the steering angle e. 

At step 204, the controller 31 computes an 
assumed centrifugal force Fx. The assumed centrifugal 
force Fx corresponds to the computed centrifugal force 
Fb of the first embodiment. However, since the forklift 
truck 1 does not have a gyroscope, the yaw rate is not 
detected. Instead, an assumed yaw rate value osx is 
obtained by dividing the traveling speed v with the turn- 
ing radius r (<DX=v/r). Thus, the assumed centrifugal 
force Fb is computed using the equation of Fx=2v/r , 
whereas, in the first embodiment, the computed centrif- 
ugal force is computed using the equation of Fb^vxa) . 
At step 205, the controller 31 obtains the assumed yaw 
rate altering rate Ag>x1/AT. The purpose of executing 
these steps are the same as the first embodiment and 
will not be described lor the sake of brevity. 

The absolute value of the assumed centrifugal 
force Fx is compared with the meiximum reference value 
Hmax in step 206 and the minimum reference value 
Hmtn in step 208. The comparison is carried out with 
reference to a map illustrated in Fig. 10. The altering 
rate AcdxI/AT is compared with the maxirnum reference 
value Kmax in step 210 and the minimum reference 
value Kmin in step 212. The purpose of executing these 
steps is the same as that of the first embodiment. After 
execution of steps 207. 211.213, and 214. the controller 
31 proceeds to step 1 15. 

A third embodiment of the present invention will 
now be described with reference to Figs. 14 to 16. In 
this embodiment, the rear axle 1 1 is gradually released 
from the locked state be a hydraulic unit that operates 
the shock absorber 12 in a gradual manner. When the 
rear axle 1 1 is locked, the interior of the shock absorber 
12 is highly pressurized. If the pressure in the shock 
absorber 12 is suddenly decreased, the rear axte 11 
may start to swing in a sudden manner. The operating 
mechanism of the shock absorber 12 employed in this 
embodiment regulates such undesirable swinging of the 
rear axle 1 1 . 
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In this embodiment, an electromagnetic propor- 
tional valve 130 is employed in lieu of the electromag- 
netic switching valve 13. The controller 31 sends a duty 
signal to the proportional valve 130 by way of a driving 
circuit (not shown) to adjust the opening area of the pro- 
portional valve 130. The structure of the valve 130 will 
now be described. 

As shown in Fig. 14, the proportional valve 130 
includes a cylindrical body 14 and a spool 15, which is 
slidably accommodated in the body 14. The Spool 15 is 
driven by an electromagnetic solenoid 13a and a spring 
13b. The spool 15 is constantly urged toward an open- 
ing position by the spring 1 3b. When a duty signal from 
the controller 31 excites the solenoid 13a, the spool 15 
is moved to a closing position. The first, second, third, 
and fourth oil passages PI , P2, P3, P4.are respectively 
connected with first, second, third, and fourth holes E1, 
E2, E3, E4, which extend through the wall of the body 
14. The spool 15 is provided with a first groove F1 and 
a second groove F2. When the spool 15 is at the open- 
ing position, the first groove F1 is aligned with the first 
and third holes E1, E3. and the second groove F2 is 
aligned with the second and fourth holes E2, E4. Thus, 
the first groove F1 connects the first oil passage PI to 
the third oil passage P3. and the second groove F2 con- 
nects the second oil passage P2 to the fourth oil pas- 
sage P4. 

The spool 15 is moved for a distance corresponding 
to the duty ratio of the duty signal sent from the control- 
ler 31 . The movement of the spool 15 alters the aligned 
area between the first groove F1 and the corresponding 
holes El, E3, and between the second groove F2 and 
the corresponding holes E2. E4. In other words, the 
movement of the spool 1 5 alters the opening area of the 
proportional valve 1 30, This adjusts the flow rate of the 
hydraulic oil flowing through the oil passages P1-P4. 

Hydraulic oil is supplied to the oil passages P1-P4 
from the accumulator 16. The accumulator 16 also sup- 
plies oil to the lifting cylinder 6. 

The controller 31 locks the shock absorber 12 by 
means of the proportional valve 130 when any one of 
the conditions (a) to (f) for outputting the locking signal 
(described in the first embodiment) is satisfied. This, in 
turn, locks the rear axle 11, The controller 31 outputs 
the duty signal to the proportional valve 130 when none 
of the signal outputting conditions (a) to (f) is met. When 
first output, the duty ratio of the duty signal is one hun- 
dred percent. The duty ratio decreases gradually until it 
reaches zero percent. Thus, as shown in Fig. 15, the 
opening area of the proportional valve is gradually 
increased. This gradually increases the amount of 
hydraulic oil that flows through the shock absorber 12. 
Accordtngiy, the rear axle 1 1 is gradually released from 
the locked state. Thus, sudden swinging of the rear axle 
1 1 is prevented. 

In the same manner, the amount of hydraulic oil 
supplied to the lifting cylinder 6 is controlled by the pro- 
portional valve 130. Thus, when the signal outputting 
signal (f) is cleared, sudden lifting or lowering of the load 



16 

on the forks 4 is avoided. Accordingly, the vehicle does 
not receive a sudden impact from the load on the forks 
4. This enables smooth lifting and lowering of loads. 
Fig. 16 illustrates a further embodiment according 

5 to the present invention. This embodiment employs a 
first electromagnetic switching valve 41 that is similar to 
the one used in the first embodiment. Furthermore, a 
second electromagnetic switching valve 42 substitutes 
for the throttle valve 1 7. The second switching valve 42 

10 has a minimal restricting passage 42a and a maximal 
restricting passage 42b, each of which restrict the flow 
of hydraulic oil. Hydraulic oil selectively flows through 
either the minimal restricting passage 42a or the maxi- 
mal restricting passage 42b. The passage diameter of 

IS the minimal restricting passage 42a is greater than the 
passage diameter of the maximal restricting passage 
42b. Thus, the amount of hydraulic oil that passes 
through the minimal restricting passage 42a is greater 
than that of the maximal restricting chamber 42b. The 

20 controller 31 is connected to the second switching valve 
42. The restricting area of the switching valve 42 is 
adjusted to gradually release the locked state of the rear 
axle 11. 

As shown in Fig. 17. when the locking signal is not 

25 output from the controller 31. the minimal restricting 
passage 42a is selected to allow hydraulic oil flow there- 
through. In this state, the shock absorber 12 supports 
the rear axle 1 1 in an unlocked state. When the control- 
ler 31 outputs the locking signal, the maximal restricting 

30 passage 42b is selected to allow hydraulic oil flow there- 
through. When a predetermined time length J elapses 
after the controller 31 terminates the output of the lock- 
ing signal, the minimal restricting passage 42a is 
selected to allow hydraulic oil flow therethrough. This 

35 results in the shock absorber 1 2 releasing the locking of 
the rear axle 1 1 . 

When releasing the rear axle 11 from a locked 
state, the flow rate of the hydraulic oil supplied to the 
shock absorber 12 is restricted by the minimal restrict- 

40 ing passage 42a. This prevents sudden swinging of the 
rear axle 11 that may be caused by a sudden increase 
in the pressure within the shock absorber 12 and 
ensures stability of the traveling forklift truck 1 . 

In this embodiment, an electromagnetic propor- 

45 tional valve may substitute for the electromagnetic 
switching valve 42. Such a structure further prevents 
sudden swinging of the rear axle 1 1 when the controller 
31 stops the output of the locking signal to have the 
shock absorber 12 release the rear axle from a locked 

50 State. 

A further emtx>diment of the present invention will 
now be described with reference to Figs. 18 to 20. tn 
this embodiment, a pair of coil springs B connect the 
rear axle 1 1 to the body frame 1 a to absorb the impact 
55 transmitted to the frame 1 from the rear axle 1 1 when 
the axle 1 1 swings as the forklift truck 1 changes direc- 
tions. In addition, the rear axle 1 1 is released from a 
locked state when the centrifugal force Fa detected by 
the acceleration sensor 21 becomes smaller a predeter- 
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mined value. This structure is described in Japanese 
Unexamined Patent Publication No. 58-211903. How- 
ever, since the springs B absorb the Impact that is trans- 
mitted to the entire vehicle as the vehicle is being 
steered to change directions, the centrifugal force 
applied to the vehicle may not be accurately detected. 
As a result, the locking of the rear axle 11 may be 
released even when the forWift truck 1 is changing direc- 
tions. TNs embodiment solves this problem. 

' As shown in Fig. 18, when the forWift truck 1 
changes directions, an actual centrifugal force F swings 
the vehicle together with the rear axle 1 1 . During the 
swinging, the force Fs of the spring B acts on the rear 
axle 1 1 . The centrifugal force Fa detected by the accel- 
eration sensor 21 corresponds to the resultant force of 
the actual centrifugal force F and the spring force Fs. 

The controller 31 compares the centrifugal force Fa 
with a predetermined maximum reference value Hmax 
and a predetermined minimum reference value Hmin. 
This comparison is carried out in the same manner as 
Illustrated in the flowchart of Figs. 8(A). and 8(B). In this 
processing, the computed centrifugal force Fb replaces 
the centrifugal force Fa. The controller 31 stops the out- 
put of the locking signal when the predetermined time 
length Ta elapses after the centrifugal force Fa 
decreases from a value equal to or greater than the min- 
imum reference value Hmin to a value smaller than the 
minimum reference value Hmin. 

Fig. 20 shows how the centrifugal force Fa detected 
by the acceleration sensor 21 changes as time elapses 
when the rear axle 1 1 is In a locked state during turning 
of the forklift truck 1 . During time period XI , the value of 
the centrifugal force Fa is smaller than the minimum ref- 
erence value Hmin due to the spring force Fs. Since the 
time period X1 is shorter than the predetermined time 
length Ta. the controller 31 continues to output a locking 
signal to the electromagnetic switching valve. After the 
vehicle stops turning, the centrifugal force Fa remains 
smaller than the minimum reference value Hmin during 
time period X2, which is longer than the predetermined 
time length Ta. Thus, the controller 31 stops the output 
of the locking signal when the predetermined time 
length Ta elapses. Accordingly, the rear axle 1 1 remains 
locked regardless of the centrifugal force Fa temporarily 
becoming smaller than the minimum reference value. 
This ensures stability of the torklift truck 1 when chang- 
ing directions. 

Although several embodiments of .the present 
Invention have been described herein, it should be 
apparent to those skilled in the art that the present 
invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Therefore, the present examples and embod- 
iments are to be considered as illustrative and not 
restrictive and the invention is not to be limited to the 
details given herein, but may be modified within the 
scope of the appended claims. 

A control apparatus for an industrial vehicle is dis- 
closed. The vehicle has a rear axle that is swingable 



upon a straight travel of the vehicle and fixed upon a 
turning of the vehicle. A damper locks or unlocks the 
rear axle. A controller has a memory that stores a first 
value and a second value of an angular velocity rate that 

5 represents an angular velocity per a unit time. The con- 
troller activates or deactivates the damper. The control- 
ler activates the damper to lock the rear axle when the 
angular velocity rate is greater than the first value. The 
controller deactivates the damper to unlock the rear 

10 axle when the angular velocity rate is kept smaller than 
the second value for a predetermined time period after 
the angular velocity rate has become smaller than the 
second value. 

75 Claims 

1. A control apparatus for an industrial vehicle (1) 
including a rear axle (11), said rear axle (1 1) being 
swingable upon a straight travel of the vehicle (1) 

20 and locked based on a parameter with respect to a 
turning of the vehicle (1), said apparatus charac- 
terized by a predetermined first value (Kmax) and 
a predetermined second value (Kmin) of an angular 
velocity rate (AaVAT). wherein said angular velocity 

25 rate (Aeo/AT) represents an angular velocity (©) per 
a unit time, wherein said first value (Kmax) is prede- 
termined to Indicate turning of the vehicle (1) when 
the angular velocity rate (Aco/AT) is greater than the 
first value (Kmax), and wherein said second value 

zo (Kmin) is predetermined to indicate the straight 
travel of the vehicle (1) when the angular velocity 
rate (Aco/AT) is smaller than the second value 
(Kmin) and control means (13, 31) selectively acti- 
vates and deactivating a damper (12), said control 

35 means (13. 31) activates the damper (12) to lock 
the rear axle (11) when the angular velocity rate 
(Aco/AT) is greater than the first value (Kmax), said 
control means (13, 31) deactivates the damper (12) 
to unlock the rear axle (1 1 ) when the angular veloc- 

40 ity rate (Aa^/AT) Is kept smaller than the second 
value (Kmin) for a predetermined time period (T) 
after the angular velocity rate (Aco/AT) greater than 
second value (Kmin) has lowered below the second 
value (Kmin). 

45 

2. The control apparatus as set forth in Claim 1 , char- 
acterized by first detecting means (20) for detect- 
ing an angular velocity (to) of the vehicle(l) and first 
computing means (31) for computing the angular 

50 velocity rate (Aco/AT). said first computing means 
(31) differentiated the angular velocity (co) detected 
by the first detecting means (20) to obtain the angu- 
lar velocity rate (Aco/AT). 

55 3. The control apparatus as set forth In Claim 1 / char- 
acterized by second detecting means (22) for 
detecting a steering angle (6), third detecting 
means (23) for detecting a vehicle velocity (v) and 
second computing means (31) for computing an 
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angular velocity (caxl) based on the detected steer- 
ing angle (6) and the detected vehicle velocity (v), 
said second computing means (31) computing the 
angular velocity rate (Aco/AT) by differentiating the 
angular velocity (cd). s 

4. The control apparatus as set forth in any one of 
Claims 1 to 3, characterized by a memory (31b} 
storing said first value (Kmax) and the second value 
(Kmin) of the angular velocity rate (Aoo/AT). jo 

5. The control apparatus as set forth in Claim 4, char- 
acterized by that said control means includes a 
valve (13) selectively open and dosed to control a 
supply of pressurized oil to the damper (12) and a is 
controller (31) for actuating the valve (13) based on 

a comparison of the angular velocity rate (A<a/AT) 
and the first value (Kmax) and the second value 
(Kmin). 

20 

6. The control apparatus as set forth in claim 5, char- 
acterized by that said controller (31) outputs a sig- 
nal to the valve (13) to activate the damper (12) 
when the angular velocity rate (Aa>/AT) is greater 
than the first value (Kmax) and stops outputting the 2S 
signal when the angular velocity rate (Aco/AT) is 
smaller than the first value (Kmax) and subse- 
quently smaller than the second value (Kmin). 

7. The control apparatus as set forth in Claim t. char- 30 
acterized by that said controller (31) includes a 
counter for counting for the predetermined time 
period after the angular velocity rate (Aco/AT) has 
become smaller than the second value (Kmin) and 
stops outputting the signal after the counter has fin- 35 
ished counting. 

8. The control apparatus as set forth in Claim 7. char- 
acterized by that said valve includes an electro- 
magnetic valve (13) that is open based on the 4o 
signal from the controller (31) and a fluid source 
(16) for supplying the pressurized fluid to the 
damper(12) through the electromagnetic valve (13) 
when the valve (13) is open. 

45 

9. The control apparatus as set forth in Claim 7, char- 
acterized by that said controller (31) outputs a 
duty signal with enablements gradually increasing 
and said valve includes an electromagnetic valve 
(130) increasing opening in accordance with the so 
enablements of the signal from the controller (31). 

10. The control apparatus as set forth in Claim 2, char- 
, acterized by forth detecting means (23) for detect- 
ing a vehicle velocity (v), third computing means 5S 
(31) for computing a centrifugal force (Fb) acting on 

the vehicle (1) based on the angular velocity (o) 
detected by the first detecting means (20) and the 
vehicle velocity (v) detected by the forth detecting 



means (23) and a menrwry (31a) for storing a max- 
imum reference value (Hmax)and a minimum refer- 
ence value (Hmin) with respect to the centrifugal 
force (Fb) computed by the third computing means 
(31), wherein said control means (31) locks the 
damper (12) when the centrifugal force (Fb) is in 
excess of the maximum reference value (Kmax), 
and wherein said control means (31) unlocks the 
damper (12) when the centrifugal force (Fb) that is 
greater than second value becomes smaller than 
the minimum reference value (Hmin). 

11. The control apparatus as set forth in Claim 1 , char- 
acterized by fifth detecting means (25) for detect- 
ing a weight of a load that is in excess of a 
predetermined value and outputting a signal and 
sixth detecting means (24) for detecting a position 
of the load that is higher than a predetermined posi- 
tion and outputting a signal, wherein said control 
means is arranged to actuate the valve (13) based 
the signals from the fifth detecting mear}s(25) and 
the sixth detecting means (24). 

1 2. The control apparatus as set forth in any one of the 
preceding claims, characterized by that said first 
detecting means includes a gyroscope (20). 

13. The control apparatus as set forth in Claims 8 or 9, 
characterized by buffer means including an elec- 
tromagnetic switching valve (42) disposed between 
the fluid source (16) and the damper (12) and hav- 
ing two openings different from each other in size, 
said openings being switched from one to another 
to adjust pressure in the damper (12), wherein said 
controller (31) actuates the switching valve (42) to 
select the smaller opening to slow down the unlock- 
ing operation of the damper (12), 

14. The apparatus as set forth in Claim 1. character- 
ized by an elastic member (S) for supporting the 
rear axle (11) to absorb an inclining movement 
thereof when the vehicle (1) turns and detecting 
means (21) for detecting an acceleration (Fa) of the 
vehicle (1). wherein said rear axle (12) is locked 
when the acceleration (Fa) is greater than the max- 
imum value (Hmax) and unlocked when the accel- 
eration (Fa) is kept smaller than the minimum value 
(Hmin) for a predetermined time (Ta) period after 
the acceleration (Fa) has become smaller than the 
minimum value (Hmin). 
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